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ABSTRACT

Three sites, representing three levels of soil disturbance, were 

chosen in southern Arizona to study the effect such disturbance may have 

on populations of endomycorrhizal fungi. A fallowed site, disturbed 

within the last two years had a 20.6% rate of infection, and 37.9 spores 

per gram soil. An abandoned site, disturbed six years previously had a 

5.8% infection rate and 34.6 spores per gram soil; and an undisturbed 

site had a 6.4% infection rate and 11.7 spores per gram soil.

The data also suggested that the fungal populations were not 

uniformly distributed, but found in association with shrubs. Correia- 

tion tests show that there was a significant degree of correlation be

tween spore numbers and per cent infection on the abandoned and 

undisturbed sites. SurVey for endomycorrhizal infection of the native 

plant species representing 90% of the cover indicated that the abandoned 

site had two out of seven species infected; the undisturbed site had one 

out of six species infected.

The influence that the plant communities on the site prior to 

sampling may have had on the results was discussed. Suggestions were 

made concerning refinements of the sampling method appropriate to the 

desert environment and population distribution of the fungus.

viii



INTRODUCTION

When the natural vegetation cover is removed from arid and semi- 

arid lands of the Southwest, such as occurs during surface mining for 

coal, the return of this cover to its previous state occurs only very 

slowly. However, environmental laws and sound practices of resource con

servation require that the land be returned to its natural state or a 

biological and/or economic equivalent. Thus, the desired objective is 

inconsistent with the natural rate of vegetation recovery. As demand 

increases for coal, copper and other mineral resources, it appears 

inevitable that surface mining on western rangelands will increase, along 

with the attendant problems of restoration of a vegetation cover within 

the desired time.

Undisturbed rangelands are typically dominated by shrubby plant 

species with an understory of perennial grasses and some annual plants 

and grasses. These lands provide habitat for wildlife, particulary 

browsing ungulates, as well as small rodents and a variety of bird 

species. They are economically important as grazing lands for cattle 

and sheep, and they also have aesthetic values and recreational uses. 

Undisturbed rangelands have a diverse species composition and are rela

tively stable (Margalef 1963). When this type of vegetation community 

is removed through disturbance, the invading plant species consist 

primarily of annual forbs and grasses, such as Salsola kali3 Sisymbrium 

spp.3 Bromus teotorum3 and Schismus spp. This type of pioneer community
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2
is less diverse in both species and life form, provides habitat for a 

lesser variety of wildlife, and yields less forage for domestic livestock. 

Shallow-rooted annuals may not be as beneficial as perennial grasses and 

deep-rooted shrubs in decreasing erosion rates and increasing water 

holding capacity. Land which is beginning secondary succession has less 

aesthetic appeal compared to stable vegetative communities and has re

duced value for recreation as well. Current research is focused on 

reclaiming disturbed lands by establishing plant species, particularly 

shrubs, that represent higher serai stages (Aldon 1974, 1978). However, 

current knowledge of the multiplicity of factors which regulate suc

cession on rangelands is far from complete. These factors include 

climate, topography, plant community interactions, a variety of soil 

factors, and other biotic and microbiotic interactions.

The importance of soil microorganisms and their interactions with 

higher plants is well established. These relationships may be either 

deleterious or beneficial. But the interaction of soil microorganisms 

and plant roots may also have implications for succession and the 

establishment of stable vegetative communities on disturbed lands. In

cluded among the beneficial soil microorganisms are fungi which produce 

endomycorrhizal infections. These fungal associations apparently improve 

nutrient uptake for the host plant, primarily phosphorus and to a lesser 

extent, nitrogen. Recent work by Reeves et al. (1979) indicates that 

soils in disturbed areas may not provide sufficient fungal inocula for 

the establishment of obligate hosts. Many of the dominant shrubby 

species found in the Southwest (Atriplex spp., Chryeothamnus nauseosus3
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Amelanchier spp. and others) have enhanced survival when inoculated by 

mycorrhizae (Aldon 1974, 1978; Williams and Aldon 1976). At present, it 

has been found that many of the pioneering plant species belong to 

families which are largely nonmycorrhizal (Gerdemann 1968). This 

suggests that there may be a relationship between spore populations and 

fungal infectivity in soils in disturbed areas versus soils in undis

turbed areas. This study explored the role that endomycorrhizal fungi 

may have in establishment and survival of plants grown in soils from 

distrubed areas.

It was proposed that fields having different levels of dis

turbance also had different levels of infectivity of endomycorrhizal 

fungi; therefore, plants grown in soils obtained from these fields should 

exhibit different levels of infection, and spore numbers should vary 

accordingly. To test this hypothesis, a corn bioassay was used to 

determine the per cent infection for each level of disturbance, and the 

spore numbers in the soil were also determined (Moorman and Reeves 1979). 

The objective was to obtain a measure of spore viability and fungal 

infectivity for three levels of land disturbance. Levels of disturbance 

were: a cotton field that had been briefly fallowed, a wheat field that

had been abandoned five years previously, and a nearby site that had

never been disturbed.



LITERATURE REVIEW

Endomycorrhizae literally means "internal root-fungus." The term 

is functional rather than taxonomic and refers to the symbiotic relation

ship between a higher plant and a fungus. There are three types of endo

mycorrhizae: Ericaceous, Orchidaceous and vesicular-arbuscular. By

far the most common and the one of interest to this study is the third.

Vesicular-arbuscular mycorrhizae are Phycomycetes, in the order 

Mucorales and family Endogonaceae (Trappe and Fogel 1977). Currently 

there are at least thirty recognized genera of vesicular-arbuscular 

mycorrhizae (Trappe and Fogel 1977). These fungi are identified by mor

phology of the spores since efforts to culture them have so far been 

unsuccessful (Gerdemann 1974).

Morphology

The soil-borne spores of vesicular-arbuscular mycorrhizae give 

rise to hyphae which invade the root tissue. Mycelia may be found 

throughout the cortex, but they do not invade the endodermis, stele, root 

meristem, nor cells with chloroplasts (Gerdemann 1968). Mycelial growth 

may be inter- or intra-cellular or both. Hyphae are irregular, aseptate, 

and coenocytic (Powell 1976). Coils and continuous mycelial loops called 

pelotons may be produced intra-cellularly (Gerdemann 1955). After pene

tration of the host root, arbuscles are formed. An arbuscle is a type 

of haustorium, which terminates in the host cell as a hyphal branch.

The arbuscle has a role in the interchange of substances between host
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5
and symbiont (Cox and Sanders 1974). The arbuscle has a dendritic 

appearance composed of tube-like main branches and amorphous material 

at the ends of the side branches. The host cytoplasm surrounding the 

arbuscle is rich in organelles including plastids, true ribosomes, and 

rough endoplasmic reticula (Cox and Sanders 1974).

Vesicles are also found within the root. These are borne 

terminally on hyphae, ovate to spherical in shape, and are involved in 

food storage and reproduction. Cox and Sanders (1974) observed that the 

vesicle is enclosed within the host plasmalemma. This phenomena appears 

to occur with intracellular biotrophic symbionts, but not with cell- 

invading pathogens (Trappe 1979).

Distribution and Occurrence

Endomycorrhizae are of world-wide occurrence (Gerdemann 1974). 

Specimens have been found on all continents (Daft and Nicolson 1974; Bloss 

1979; St. John 1979; Koske 1975; Khan 1974); and in nearly all habitats, 

with the exception of aquatic habitats and submerged soils (Khan 1974; 

Read, Koucheki and Hodgson 1976). Vesicular-arbuscular mycorrhizae have 

been found as deep as 2.2 m (Trappe and Fogel 1977); but optimum depth is 

generally reported as 10-15 cm (Clark 1975). They are most abundant in 

the upper layers of the soil (Wohlrab, Tuveson and Olmsted 1963). Khan 

(1978) reported that vesicular arbuscular mycorrhizae germinate best in 

soils at 50% of field capacity. Daniels and Trappe (1979) however, re

ported that endomycorrhizae favor soils at field capacity. Temperature 

optima for germination appear to be closely related to the physiological 

optima reported for the host plant (Schenck, Graham and Green 1975).
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Schenck and Schroder (1974) found that endomycorrhizae from summer agri

cultural fields in Florida had a germination temperature optimum of 30 

C, while spores from Washington .germinated best at 20 C. Experiments on 

day length have found 12 to 18 hours of daylight at maximum light in

tensities produced the best germination results (Hayman 1974). However, 

Schenck et al. (1975) found spore germination favored by darkness.

Hayman's experiment did not separate temperature effects from light 

effects, so the results of daylength might not be independent from temper

ature effects. Vesicular-arbuscular mycorrhizae appear to do best in 

mesic conditions (Wohlrab et al. 1963).

Soil type and its relation to infectivity of the endophyte has 

not been extensively studied. Hayman and Mosse (1971), in studying phos

phorus uptake, noted that certain soils had low rates of infection but 

related these effects to pH and tendency of some soils to fix phosphorus. 

Since vesicular-arbuscular mycorrhizae are found in soils ranging from 

sand dunes (Wohlrab et al. 1963; Koske 1975; Koske, Sutton and Sheppard 

1975) to heavy clay tropics (St. John 1979), it would appear that 

morphological soil type does not bear directly on fungal populations.

Endomycorrhizae are strongly effected by pH. The endophyte 

favors neutral to alkaline pH (Khan 1978). Experiments on acid soils, 

limed soils, and untreated soils resulted in a response that was directly 

related to pH. Infectivity in acid soils was very low (Mosse 1972).

Endomycorrhizae appear to tolerate saline soils (Khan 1974) and 

to infect halophytes. However, high levels of zinc and manganese appear 

to retard spore germination (Hepper and Smith 1976).
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Nutrient status of soils affects fungal infactivity. Soils high 

in phosphorus, or soils fertilized with a high phosphorus amendment were 

found to have low levels of endomycorrhizal infection fMosse 1973;

Daniels and Graham 1976).

Propagation and Dissemination

Animals may disperse fungal spores. Dowding (1959) reported 

finding Endogone fasciculata spores in rodent stomachs. Mcllveen and 

Cole (1976) extracted spores from ant and worm casts and found spores 

to a lesser extent in swallows nests. These spores were still capable 

of infection. Trappe and Maser (1976) were successful in germinating 

Glomus maoroearpus spores extracted from rodent fecal matter.

Spores are also thought to be transferred via soil and water 

movement (Mcllveen and Cole 1976). Vegetative reproduction has also 

been observed. Read et al. (1976) reported that contact with infected 

roots was the primary method by which infection is spread. It would also 

appear that wind-borne dispersal of spores is likely, due to their small 

size (25-400 urn) and shallow distribution in soils (Clark 1975).

Host - Parasite Interaction

Vesicular-arbuscular root surfaces differ little from uninfected 

hosts, except for scattered hyphae connecting the fungus within the root 

to the soil (Trappe 1979). The root may be surrounded by a loose hyphal 

network that extends into the soil for as much as 1 cm. Hyphae may grow 

along the root surface tightly appressed to the epidermis (Gerdemann 

1968). At the point of entrance hyphae form an appressorium, an
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articulation of the mycelia (Kelley 1950). External hyphae are dimorphic 

and composed of coarse, thick-walled, irregular, aseptate mycelia with 

smaller, thin-walled, lateral branches. Vesicles and thick-walled spores 

are borne on hyphae in the soil (Gerdemann 1968).

Infection may be related to the presence of root exudates.

Vancura and Hovadik (1963), compared root exudates from Brassioa sp, 

which belong to the non-mycorrhizal Brassicaceae, to vesicular-arbuscular 

plants. They found Brassioa notably impoverished in all sugar exudates. 

The mycorrhizal crop plants, including barley, wheat, tomato and others, 

had significant amounts of a variety of sugar exudates.

Endomycorrhizal infection facilitates H^O uptake and water flow 

(Aldon 1975). Koske et al. (1975) found that water uptake was improved 

in infected plants.

Endomycorrhizal mycelium may also benefit soil structure and 

development of a soil profile. Koske et al. (1975) in studying soil de

velopment and succession on sand dunes in Canada found that the mycelia 

of soil-borne fungus formed stable aggregates aiding development of soil 

structure. Sutton and Sheppard (1976) observed similar phenomena.

Nitrogen uptake may be improved by endomycorrhizal infection. 

Hepper and Mosse (1975) found higher levels of nitrogen in plant tissues 

of infected hosts as compared to uninfected. Glomus mosseae and ff. 

macrocarpus were found to be capable of reducing nitrate to nitrite. Ho 

and Trappe (1975), using spores from known species of endomycorrhizae, 

found increased in vitro production of the reduced nitrite.

The interaction between host and fungus appears to involve up

take of various ionic compounds by the fungal mycelium in the soil.
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translocation of nutrient ions to the host, and finally export of carbon,

14presumably sugars, to the fungal symbiont. Using marked carbon ( C) in 

Festuoa, Ho and Trappe (1973) found that carbon translocated from the 

host plant and radioactivity accumulated in the spore walls of the 

fungus. The morphology of the fungal symbiont is thought to be superior 

to the root in its ability to get nutrient ions from the soil (Trappe 

1979). Advantageous factors include large surface area, exploration of 

increased volume of soil by the hyphae and certain structural features 

of the fungus, including coenocytic and aseptate hyphae which may im

prove nutrient translocation.

Role of Endomycorrhizae in 
Nutrient Cycling

The most significant nutrient effect of vesicular-arbuscular 

infection is the improvement in phosphorus uptake by the host plant.

Bryan and Ruehle (1976) found that 4h month old seedlings of sweetgum 

absorbed 15 times as much phosphorus compared to uninfected plants. In

fected seedlings were also larger than uninfected. Hayman and Mosse

(1971) found that phosphorus in endomycorrhizal plants, compared to
32controls, was 15 to 19 times as great. Using labeled phosphorus ( P), 

Hayman and Mosse (1972) found that the radioactivity was concentrated in 

the fungal structures within the root. This suggests that the fungus is 

directly responsible for increases in phosphorus content in the host 

plant.

Early reports on phosphorus uptake suggested that vesicular- 

arbuscular mycorrhizae were able to utilize phosphorus unavailable to 

higher plants. Daft and Nicolson (1966) compared infected and uninfected
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plants using apatite, tri-calcium phosphate and di-calcium phosphate as

fertilizer treatments. The mycorrhizal condition was more effective in •

increasing plant growth at low levels of phosphate nutrition. However,

later refinements suggest that endomycorrhizae use available forms of

phosphorus. Hayman and Mosse (1972) and Mosse, Hayman and Arnold (1973)
32labeled a soil with P and compared the specific activities of infected 

and uninfected plants. They found the values to be the same for both 

treatments, indicating that the same sources of phosphorus were used in 

both cases. As an immobile nutrient, phosphorus is increased in availa

bility to the plant only as the roots are able to explore a greater 

volume of soil (Bray 1954). Hayman and Mosse (1972) suggest that the 

increases in phosphorus uptake from less available sources is a result 

of greater exploration of the soil by fungal mycelia. The mycelia can 

come in contact with surfaces where phosphate ions are dissociating 

chemically. Small amounts of phosphate will dissociate from rock phos

phate to form an equilibrium in the soil solution. If these ions are 

taken up more efficiently by the hyphae, more ions will dissociate 

chemically to restore equilibrium.

The ability of the fungal mycelium to explore the soil matrix 

can result in the addition of nutrients to the soil solution. Schramm 

(1966) observed fungal structures entering minute inter-cellular cracks 

of shale. Since infertile soils have the bulk of their nutrient capital 

as components of soil minerals, the increased absorbing surface result

ing from mycelial extension of the root would greatly benefit nutrient 

uptake due to the endomycorrhizal relationship (Voigt 1969).
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Mycorrhizal infection has been most widely reported as pre

dominant in soils of low fertility (Barrow, Malajczuk and Shaw 1977;

Mosse 1973). In comparing infected versus uninfected plants on soils 

containing very little available phosphorus, Mosse et al. (1973) found 

that certain plants may not take up phosphate until soil phosphate 

reaches a minimum concentration. The minimum concentration or threshold 

value for phosphorus uptake appeared to be lower or non-existent for 

endomycorrhiza1 plants. Apparently, infection helps plants take up 

phosphorus even when levels in the soil are extremely low.

Phosphorus levels may effect the morphology of the fungus.

Hall (1977) found that if the soil was low in available phosphorus, in

fection was composed of arbuscles and randomly arranged hyphae. Vesicles 

were relatively rare even in older plants. In soils with higher availa

ble phosphorus levels, vesicles were common and arbuscles were few or 

absent.

In summary, it can be seen that vesicular-arbuscular infection 

^results in increased nutrient uptake, benefiting the host plant. This 

adaptation has important consequences for plant growth on soils low in 

available nutrients as is characteristic of land disturbed in surface 

mining. •

Ecosystematic Functions of 
Vesicular-Arbuscular Mycorrhizae

Populations of endomycorrhizae in the soil are inter-related to

those of other soil microorganisms. Rose (1980) found that actinomycete-

nodulating plants were all mycorrhizal. In surveying coal mine spoils in
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Pennsylvania, Schramm (1966) found that mycorrhizal species incapable of 

fixing atmospheric nitrogen were not present on coal waste reclamation 

sites and that nodulated plants were all mycorrhizal. Trappe (1979) 

suggests that mycorrhizal fungi absorb from the soil and translocate to 

the host the minerals required by nodule endophytes. He further suggests 

that mycorrhizae may excrete calcium oxalate, used as a primary sub

stance by actinomycetes and gram negative bacteria.

The presence of bacteria with pectolytic activity may be a 

factor in successful endomycorrhizal infection. Mosse (1972) found that 

sterile, germinated Endogone spores never formed mycorrhizae even with 

non-sterile seedlings. Two pseudomonads were encountered in non-sterile 

spore cultures which allowed vesicular-arbuscular formation. These 

bacteria apparently exist in close association with spores only in the 

soil, but not in association with uninfected plant roots. Other 

pectolytic bacteria were tried and found effective.

The side effects from infection by endomycorrhizae are variable. 

Vesicular-arbuscular mycorrhizae can endanger rootlets by attracting 

deleterious organisms such as mycophageous nematodes that feed only on 

the fungi (Trappe and Fogel 1977). Endomycorrhizae can ameliorate the 

effects of root pathogens. Fox and Spasoff (1972) report that Endogone 

gigantea suppresses reproduction of Heterodera solanacearum3 a parasitic 

nematode which attacks tobacco. Schenck and Kellam (1978) report that 

vesicular-arbuscular mycorrhizae decrease the growth of nematodes, but 

increase the effects of viral infections, probably due to improved nu

trition in the fungal host. They also report that one endomycorrhizal 

species may be more beneficial to a host than another.



13
Host Specificity

There are two conflicting trends in reports on current research 

in the area of host specificity. One argument suggests that hosts and 

fungi have wide ranges of infection and are not very specific. The 

other argument suggests that at least some hosts and some fungi are very 

specific. Early research on the endophyte concentrated on agricultural 

crops, where wide host-parasite ranges have been recorded (Gerdemann 

1955; Marx 1975). Gerdemann (1965) found that Endogone fascicutata 

would infect both maize and tuliptree and that the morphology of the 

fungus within the root was somewhat different in the two hosts. Mosse 

(1972) found greater host specificity than had previously been reported. 

She found that two strains of fungi were pH dependent and a third would 

establish regardless of pH. This suggests that the soil environment may 

determine the effectiveness of a species of endomycorrhizae in infecting 

a host plant. Hayman and Mosse (1971) found that indigenous fungi were 

much less effective in infecting host plants. Barrow et al. (1977) 

found that naturally occurring fungi would not infect onion plants 

[AVLixm oepd). Lindsey, Cress and Aldon (1977) found that Glomus 

fascioulatus did hot infect the roots of four wing saltbush {Atviptex 

canescens). However, G. fascioulatus infected both rabbitbrush 

(Chrysothamnus nauseousus) and corn (Zea mays).

Current evidence suggests that some host plants, especially 

long-cultivated agricultural plants, and the endomycorrhizae associated 

with them, have wide host-parasite ranges. However, it appears that 

indigenous fungi and native plants may have much greater specificity.
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Host Dependence

Gerdemann (1955, 1968) states that mycorrhizal infection pre

dominates when soil fertility is lowest. If phosphates are ample, most 

plants develop little or no infection. The notable exception to this is 

found in citrus plants. Kleinschmidt and Gerdemann (1972) found that 

even heavy fertilization of citrus seedlings did not produce growth 

responses similar to that of infected seedlings.

Endomycorrhizal Plant Associations 

The reports of mycorrhizal infection in higher plants has con

centrated taxonomically at the family level. The literature suggests 

that a report of the endomycorrhizal condition in a plant indicates that 

the plant is an obligate host: that is, infection is a requirement for

plant growth. However, the obligatory nature of infection may have been 

overemphasized. Also, as greater numbers of species within plant 

families are surveyed and found to be mycorrhizal, the distinction of 

obligate host-parasite at the family level becomes less meaningful. For 

example, the Chenopodiaceae was once thought to be non-mycorrhizal, but 

mycorrhizal chenopods have recently been reported (Lindsey et al. 1977). 

Only a few families have been found to be consistently non-mycorrhizal, 

including the Brassicaceae and the Juncaceae (Khan 1974). The taxa of 

the host plant may not be as significant in determination of infectivity 

as other factors, especially environmental.
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Soil Disturbance and Endomycorrhizae

There are two conflicting viewpoints on the effect of soil dis

turbance and vesicular-arbuscular mycorrhizae. Marx (1975) found that 

plants naturally colonizing mine spoils in Kentucky were largely 

mycorrhizal. Daft and Nicolson (1974) found that nearly all the dicots 

growing on coal spoils in Scotland were infected by vesicular-arbuscular 

mycorrhizae. They also found this to be true for sand dunes, which have 

a low nutrient status.

Khan (1978) surveyed a coal spoil in New Zealand and found three 

species of the endophyte; most of the plants on the spoil were infected. 

He suggested that the low nutrient status of coal spoils may favor the 

establishment of mycorrhizal species which are more successful in ob

taining nutrients from the soil. Koske et al. (1975) found most plants 

colonizing sand dunes in Canada to be heavily mycorrhizal; however, some 

species, such as Xanthium, had low levels of infection. Koske (1975) 

also found abundant spores in fresh dunes in Australia. In an Amazonian 

rain forest, St. John (1979) found that as plant communities increased 

in stability and number of woody species, there was a tendency away from 

the mycorrhizal condition. Hall (1977) found spore numbers much higher 

in disturbed areas compared to native bush soils in Australia.

Studies in arid and semi-arid regions of the Western United 

States describe a different effect from soil disturbance on populations 

of endomycorrhizal fungi. Miller (1979) found that species which had 

shown infection in undisturbed communities lacked infection on the dis

turbed site. Hatogeton glomeratus represented 90% of the cover on the
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disturbed site. Reeves et al. (1979) studied a mid-elevation sagebrush 

community in Colorado. The undisturbed site had four mycorrhizal species 

out of six total. On the disturbed site, only six out of 21 total 

species were mycorrhizal. There was no significant difference in spore 

numbers on each site. The disturbed site was an abandoned road bed.

The authors suggest that soil disturbance leads to a reduction in the 

number of propagules of endomycorrhizal fungi. Thus, on a disturbed 

site, non-mycorrhizal plants would dominate and lacking propagules of 

the endophyte, the mycorrhizal species would not be competitive with 

the non-infecting type of plant.

Baylis (1969) and others suggest another possibility for dif

ferences in infectability in soils. In studying the spore-forming 

ability of vesicular-arbuscu1ar mycorrhizae from different areas in 

Australia, they reported the lowest levels of infection resulted from 

Australian bush soils. Mosse and Bowen (1968) also found few spores 

from native bush soils. However, the indigenous plant species on the 

site were highly mycorrhizal. The authors suggest that spores form when 

root growth is intermittent, either due to drought or cultivation prac

tices. Hall (1977) suggests that some endomycorrhizae do not produce 

spores but rather depend on root-to-root contact for spread of infection.

The removal of a mycorrhizal plant community in which the endo

phyte had a low rate of spore production might result in insufficient 

propagules for the establishment of mycorrhizal species. The effect of 

disturbance and subsequent plant growth may depend upon the nature of 

the plant community in situ prior to disturbance, and the reproductive 

habit of the indigenous mycorrhizal fungi.
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Current research indicates that endomycorrhizae can be important 

for plant establishment in a number of ways. They can improve soil 

structure and aid plants in nutrient uptake. Low soil fertility and 

poor structure are often found in surface mine disturbance. A wide 

variety of plant species are benefited by endomycorrhizal infection, in

cluding perennial grasses and shrubs; both these types are important in 

revegetation of disturbed lands. Endomycorrhizal establishment can be 

retarded by some chemical factors: high levels of zinc and manganese

and low pH. These retarding factors may be present in some types of mine 

disturbance. Most critical for this study is the unsettled question of 

how soil disturbance affects the endophyte. Current research is con

flicting. It is hoped that this study will clarify the effects of dis

turbance and so aid revegetation efforts in arid and semi-arid regions.



MATERIALS AND METHODS

Methods were chosen to provide information about the per cent 

endomycorrhizal infection obtained from three soil treatments and to 

determine the spore populations for each soil treatment, as both numbers 

of spores and per cent infection represent fungal population levels.

Soil chemical properties known to effect endomycorrhizal populations were 

also determined. The endomycorrhizal status of the indigenous plant 

species was also surveyed.

The Study Sites

Three study sites in the Avra Valley of southern Arizona were 

chosen to represent three treatment levels for disturbance. The sites 

are seven miles apart, bordering the Brawley Wash which runs north- 

south through the Valley. The sites were closely matched for climatic 

factors, parent material, topography and biotic community. Small differ

ences in each were unavoidable, since the main criteria for choice of 

site was soil disturbance.

The Avra Valley has an arid climate characterized by high temper

atures and low and erratic precipitation. Rainfall varies from 22 to 30 

cm per year, distributed in two seasons, winter and summer. Soils in the 

Valley have developed from mixed alluvial and loesstial parent materials 

(U.S.D.A. 1972). The topography of the study sites is level to nearly 

level flood plains and alluvial fans. The potential plant community for

18
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the three sites are nearly identical; major plant species are mesquite, 

creosotebush, palo verde, annual grasses, and forbs. These plant 

communities are now altered due to disturbance and agricultural use.

The sites were chosen based on level of disturbance. The Fallow 

Site had been recently disked; the Abandoned Site was last disturbed in 

1975; and the Undisturbed Site is a native plant community dominated by 

creosotebush.

Fallowed Site

This field is classified as an Anway silty clay loam and it is a 

Typic Haplargid. It is the oldest soil of the three sites and has the 

highest clay content, some as the result of deposition (U.S.D.A. 1972).

It was planted with lettuce in 1978 and with cotton in 1979. The cotton 

was harvested in September of 1979 and the field was disked. It has 

been idled since. A few plants were invading the site at the time of 

soil collection, including Amaranthus spp. and Trianthema spp.

Abandoned Site

This field is classified as a Sonoita loam and is also a Typic 

Haplargid. It is of median age for soils of the Avra Valley (U.S.D.A. 

1972). Until 1976, it was planted in wheat. At that time it was 

abandoned and has lain uncultivated since. In 1979, the major components 

of its plant cover included Sisymbrium irio3 Salsola hati3 and 

Desaurainia spp. (Karpiscak 1979).
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Undisturbed Site

This field is classified as an Anthony sandy loam and is a Typic 

TorrifInvent. It is the youngest soil of the three sites and is dis

tinctly coarser in texture than the other two (U.S.D.A. 1972). It has 

not been disturbed in recorded history and its plant cover is predomi

nantly creosotebush, annual weeds, and grasses, including Schismus spp., 

Ptantago purshii3 Rafinesquia spp. and Erodium spp.

Soil Bioassay

Each site was gridded into twelve plots of approximately 0.5 ha.

each. Three plots were chosen at random and a diagonal point transect

was run across each plot. Soil was gathered to a depth of 9 cm in an 
2area of 0.5 m at each of five points. This resulted in a total of 15 

samples representative of each site, each sample weighing about 5 kilos. 

The soil was collected in July of 1980, labeled, bagged and stored 

separately at 4 C until used. A pot test was performed with one pot 

representing each of the fifteen samples per site. The soil for each 

pot was seived through a 2mm seive, mixed with commercial vermiculite in 

a 1:1 ratio, and corn seeds (Zea mays) were planted in each eight-inch 

pot. Seeds were surface sterilized in a solution of 10% NaCIO (Clorox) 

for 10 minutes. The pots were arranged by sites on benches in a green

house, and were watered every other day, or as needed. After seedling 

emergence, they were thinned to three per pot. After 60 days, the height 

on the three seedlings was measured and recorded. The plants were then 

harvested, the tops oven-dried and weighed, and the roots cut in one cm 

sections for measurement of vesicular-arbuscular infection. The roots
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were stored in Formalin Acetic Alcohol (FAA) until prepared for staining. 

Root sections were stained in a solution of trypan blue in lactophenol, 

after the method of Phillips and Hayman (1970). Ten sections from each 

pot were chosen at random, and examined under a compound microscope for 

evidence of mycorrhizal infection. The presence of either arbuscules 

or vesicles counted as positively infected.

Spore Counts

Two 25g. sub-samples were taken at each sample point for a total 

of 30 samples per field. Spores were separated from the soil using a 

sugar-centrifugation method (Allen et al. 1979). The spores thus isolated 

were counted under a dissecting microscope using a sampling method de

veloped by Mosse and Bowen (1968). Spore numbers were determined per gram 

soil, dry weight.

Soil Tests

Soil tests were performed by The University of Arizona; Soils, 

Water, and Plant Tissue Testing Lab. Four samples were taken per treat

ment and tested for pH, soluble salts, sodium, potassium, exchangeable 

sodium percentage, nitrogen, and phosphorus. Data were used to 

evaluate any difference in soil properties that might account for differ

ences in endomycorrhizal populations.

Indigenous Species

On the two sites which had well-established plant cover (Abandoned 

and Undisturbed), native species were collected in March of 1980. Five



22
specimens of each species were sampled and the roots stained and cleared 

as previously mentioned for the corn bioassay. The roots were examined 

for evidence of infection and the results were recorded and tabulated.

Additional Tests

When it became evident that the rates of infection in the corn 

plants were lower than anticipated, two side tests were performed: 1)

to test whether corn was an appropriate bioassay organism for desert 

soils; and 2) to see if fertilization would positively effect per cent 

infection. For 1), soil was gathered from a perennial grassland on the 

Santa Rita Experimental Range, whose grass species were sampled and 

found to be infected by endomycorrhizae. Four pots were prepared using 

this soil, both seived and unsolved, as in earlier pot tests. These 

plants were harvested at 30 and 60 days. For 2), composited soil from 

the Undisturbed Site was mixed with vermiculite and Osmocote fertilizer 

(19-6-12) was added. These plants were also harvested after 30 and 60 

days and examined for infection.

Data Analyses

The mean, variance and standard deviation was calculated for 

data obtained on per cent infection, number of spores, average height, 

and total plant weight. The means were compared and differences among 

them noted (Table 1).

Frequency distributions for each factor by treatment were deter

mined and plotted to establish the population distribution for each 

factor on each site (Figure 1). For comparison across treatments.
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Table 1. Means and standard deviation of factors used to characterize 

mycorrhizal presence on three sites.

Fallowed Abandoned Undisturbed

Per Cent Infection

Mean 20.6% 5.8% 6.4%

Standard Deviation 16.9% 7.1% 9.3%

Spores/G. Soil 

Mean 37.9 34.6 11.7

Standard Deviation 27.6 18.5 4.9

Average Height in 
Millimeters

Mean 268 310 256

Standard Deviation 34 36 50

Total Weight in Grams 

Mean 1.7 2.2 1.7

Standard Deviation 0.62 0.76 0.71
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histograms of the results of each of the four factors were also con

structed (Figure 2).

Pearson's correlation coefficients were calculated for the four 

factors and compared to see if there were correlations at the 95% confi

dence interval. An arc sin square root transformation was performed on 

the infection data to approximate a normal distribution.
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RESULTS

Mean per cent infections were 20.6% for the Fallow Site, 5.8% 

for the Abandoned Site, and 6.4% for the Undisturbed Site.

Spore counts per gram soil, dry weight, were 37.9 for the Fallow 

Site, 34.6 for the Abandoned Site, and 11.7 for the Undisturbed Site.

It should be emphasized that variances are extremely large in each case 

for both infection and spore numbers.

Heights in millimeters for the bioassay plants were 268 for the 

Fallow Site, 310 for the Abandoned Site, and 256 for the Undisturbed 

Site.

Total weight in grams for the bioassay plants were 1.7g. for 

the Fallow Site, 2.2g. for the Abandoned Site, and 1.7g. for the Undis

turbed Site. Histograms for each of the four measured factors by treat

ment are found in Figure 1.

The results of the soil properties are summarized in Table 2. 

These results indicate that pH on the three sites are all neutral to 

slightly alkaline; phosphorus levels are higher on the Abandoned Site, 

but still very low over all. Nitrogen is also highest on the Abandoned 

Site, but still low for crop requirements. Soluble salts were highest 

on the two cropland sites, but were within the range acceptable for good 

agricultural soils; and endomycorrhizae are known to tolerate soil 

salinity (Khan 1974).
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Table 2. Soil properties for the three study sites.

Sites
Properties Fallowed Abandoned Undisturbed

Soil Textural 
Class

silty clay 
loam

loam sandy loam

PH

Phosphorus

7.8 7.8 7.3

ppm 1.65 10.6 4.1

Nitrogen
ppm 14.7 25.8 5.7

Potassium
meq/ L 0.61 3.14 0.57

Soluble Salts
ppm

Sodium

551 770 338

meq/L

Exchangeable
Sodium

2.01 1.56 0.46

Percentage 0.58 0.55 -0.61
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The results of the survey of the endomycorrhizal status of plants 

on site for the Abandoned and Undisturbed Sites are summarized in Tables 

3 and 4. On the Abandoned Site, only two out of seven species surveyed 

had signs of infection and these two are minor components of the plant 

cover, which is dominated by Sisymbrium spp. and Salsota hati. The Un

disturbed Site had only one species out of seven show signs of infection.

No evidence of vesicles or arbuscles was found in Larrea tridentata, the 

dominant shrub on the Site.

Correlation coefficients were determined and the results follow. 

Correlation is a method used to compare the response of different factors 

to the same treatment. They are calculated using the sample means and 

not the population means.

Fallowed Site

At a 95% confidence interval, three out of four factors correlated. 

Height of plants correlated to numbers of spores; plant weights correlated 

to spore numbers; and heights and weights correlated to per cent infec

tion. The only factors not showing correlation were per cent infection 

to number of spores.

Abandoned Site

Here only two factors correlated at the 95% confidence interval. 

These were per cent infection to number of spores.

Undisturbed Site

On this site, all the factors showed positive correlation.
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Table 3. Mycorrhizal status of plants representing 90% cover on 

Abandoned Site.

Family Genus Species Infected ?

Asteraceae Rafinesquia spp. no
Chaenactis stevioides yes

Boraginaceae Cryptantha spp. no
Brassicaceae Sisymbrium spp. no
Chenopodiaceae Monolepis spp. no

Satsota kali no
Malvaceae Spharalcea ooaoinea yes

Table 4. Mycorrhizal status of plants representing 90% of cover on 
Undisturbed Site.

Family Genus Species Infected ?

Zygophyllaceae Larrea tridentata no
Boraginaceae Amsinckia spp. no

Peotocarya spp. no
Geraniaceae Erodium texanum no
Plantaginaceae Plantago.purshii yes
Gramineae Sohismus spp. no



31
Figure 3 is an example of the data used to determine correlation 

comparing two different factors, per cent infection and spore numbers. 

The top line of the table is from the Fallow Site, in which these two 

factors did not correlate. The second two lines are from the Abandoned 

and Undisturbed Sites, where the factors correlated. Figure 3 illus

trates how correlation compares the response of different factors to the 

same treatment at the sample level. When the factors correlate, the 

higher per cent infection at a given point also had higher spore numbers 

compared to other sample points within a plot.

The results of the side tests are as follows: for 1), the soils

from a desert grassland produced a light mycorrhizal infection in the 

corn plants, indicating that corn is an appropriate bioassay organism 

for desert soils (Appendix I, Figures 12 and 13). In 2), no infection 

was found in fertilized treatments, suggesting that fertilization does 

not aid infection, and probably decreases it.
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Figure 3. Graphs of sample means by plot of spore numbers and per cent
infection for each treatment; data used to calculate Pearson's 
correlation coefficients.



DISCUSSION

Using previous research as a basis for the effect of soil dis

turbance on vesicular-arbuscular mycorrhizal population (Miller 1979; 

Moorman and Reeves 1979), the results of this study are surprising. In 

this case the more stable, undisturbed plant community had the lowest 

level of both spores and infection, and lower plant growth response.

Some amplification of the results is necessary.

Per Cent Infection

Using techniques currently available, infection in the root sec

tions was difficult to determine quantitatively. Determination is prone 

to some subjectivity because arbuscules were never seen; infection, when 

found, was light and consisted of a few scattered vesicles (see Appendix 

I, Figures 4, 5 and 6). While there were often abundant, aseptate 

hyphae appressed.to the root surface, as is typical for endomycorrhizae 

(Gerdemann 1968), the presence of other types of fungi within the roots 

precluded using presence of hyphae and its morphology as indicators of 

mycorrhizal infection (Appendix I, Figures 7, 8, 9, 10 and 11). As a 

result, the presence of vesicles clearly borne within the root matrix 

was the sole criteria for determination of infection. Preliminary 

testing found that no particular time during the bioassay test was better 

for endomycorrhizal growth. Samples were taken at 30, 45, and 60 days 

initially. Sixty days were chosen in hopes that the longer time period 

would result in maximum infection. Other reports have found evidence of
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vesicles and arbuscles after 20-60 days of growth (Moorman and Reeves 

1979; Powell 1976). The effect of phosphorus levels on morphology may 

have effected the determination of infection. Hall (1977) found few 

vesicles when phosphorus levels were low. This may have been the case 

in this study. The narrow definition of infection may have resulted in 

underestimates of per cent infection.

Reeves et al. (1979) found levels of infection as high as 60% in 

bioassays from soils in undisturbed sites in western Colorado. Because 

the rates of infection were much lower in this study, side tests per

formed to check corn (Zea mays) as a test organism, found that it did 

infect from desert sources of mycorrhizae (Appendix I, Figures 12 and 13) 

But there may be a better bioassay organism than corn for these soils. 

Other plant species should be tried in desert soils for determination of 

an ideal bioassay host.

Determining spore numbers was far easier. But, like per cent 

infection, the variability was extremely high (see Table 1). The high 

variability and non-normal distribution (Figure 1), may have been the 

result of sampling two populations and lumping the data into one group. 

Charley (1977) states that the highest measures of microbial activity 

are found immediately beneath the shrub canopy on rangelands; the shrub 

interspaces are relatively sterile. Charley further suggests that with 

an anisotropic distribution such as this, stratified sampling will pro

vide the best measure of a single population, either the area under the 

canopy, or the interspaces. The transect method used in this study was 

a random rather than a stratified sampling method.
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The greatest difficulty lies in not knowing what factors cause 

propagules to infect roots and form identifiable structures. Presumably 

the time when the plant host is actively synthesizing carbohydrates 

should favor invasion by the endophyte, but the formation of the more 

readily seen vesicles, known to be storage organs, may be effected by 

other factors in a desert environment: the onset of dormancy, either

heat, cold, or drought-related may be a factor. And greenhouse condi

tions are optimum for plant growth, but do not replicate natural 

conditions.

The results of plant height and weight show that the Abandoned 

Site, in spite of its low level of infection, had the best growth re

sponse. However, this result can be attributed to soil chemical differ

ences. The Abandoned Site had the largest quantity of N, P, and K; this 

is the likely source of the improved growth response. All treatments 

showed marked nitrogen and phosphorus deficiency symptoms including dark 

purple stems, purple spots on leaves, necrosis of the oldest leaves, 

pale green color, and yellow striations on the leaves. Later tests, 

using the same soil plus fertilizer, diminished these symptoms.

Indigenous Species

Considering the low rates of infection found from soils in the 

Abandoned and Undisturbed Sites, the corresponding low numbers of 

mycorrhizal native species are not surprising. But creosotebush 

(Larrea tridentata) has been previously reported as commonly having 

heavy mycorrhizal infection. Staffeldt and Vogt (1975) sampled perennial
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species in the Chihuahuan Desert and found most species to be mycorrhizal 

hosts. Creosotebush sampled in summer months (the time of greatest pre

cipitation in the Chihuahuan Desert), was found to be up to 70% infected 

in tertiary roots at depths between 0-5 cm. in the soil profile. 

Creosotebush sampled right after winter rains on the Undisturbed Site 

showed no sign of infection. So far, all creosotebush roots sampled 

from Southern Arizona have not been mycorrhizal. However, success at 

harvesting tertiary roots has been limited.

There are two possible explanations for the failure to find in

fection in creosotebush. If Sonoran Desert L. tridentata is mycorrhizal 

like its Chihuahuan Desert counterpart, then sampling tertiary roots at 

regular intervals, as did Staffeldt and Vogt (1975), might lead to iden

tification of infection in this ecotype. But a species can be mycorrhi

zal on one site and not on another, depending on availability of 

propagules and nutritive status of the soils (Gerdemann 1968; Miller 

1979). Nutrition is limiting for agronomic species in desert soils, but 

may be adequate for native species; so the mycorrhizal adaptation would 

not be favored. If Larrea tridentata is in fact an obligate host, then 

the low level of spores and infection on the site may be a result of the 

characteristics discussed by Mosse and Bowen (1968); that is, a perennial 

plant's root system favors endomycorrhizal fungi which expend little 

energy in the production of spores.

The other explanation is that creosotebush and the plants in the 

community on the disturbed site are not mycorrhizal. Spores collected 

may have been the result of the few mycorrhizal species present, plus



wind-borne additions. The evidence in this study suggests that the 

second alternative is the more likely one.

Correlation of the Four Factors

The purpose behind the test for correlation was to determine if 

one factor might have a certain predictive value for the outcome of 

another factor. Of special interest were the per cent infection versus 

spore numbers because determination of infection requires time to run a 

pot test and also requires a great deal of equipment: autoclave, venti

lated lab facilities, and a good compound microscope. Determination of 

infection is also rather subjective. If per cent infection and spore 

numbers were to consistently correlate, then perhaps a simple determina

tion of spores in soil could be substituted. The correlation of these 

two factors was positive two out of three times (Figure 3). This is a 

hopeful result, but in order for spore numbers to be predictive of in

fection, further sampling and correlations would have to be done.

In looking at correlation on the Abandoned Site, in which only 

two factors correlated, it should be pointed out that there are two 

influences acting which may have affected results. The first is the 

higher nutrient levels; these probably affected growth responses, so in 

the histograms in Figure 2, height and weight do not follow the pattern 

seen with the other two sites. The second effect is that of spore age. 

Six years had passed since the site was planted in wheat, a mycorrhizal 

host; since then, non-mycorrhizal species have dominated. It is likely 

that the propagules on the site have decreased viability. The other
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two sites' spore populations should be a result of recent and current 

vegetation cover, hence they should have a higher viability. Gerdemann 

(1968) suggests that six years is the maximum time for endomycorrhizal 

spore viability.

There are similarities between the infection levels and spore 

numbers on the Undisturbed and Abandoned Sites. In Figure 2, the histo

grams illustrate that the four factors on each site tend to "move" in 

the same direction. The degree of correlation is encouraging, since the 

sample size was small.

Summary

Other researchers (Miller 1979; Moorman and Reeves 1979) have 

stated that mycorrhizal associations are normal in established, undis

turbed indigenous plant communities in the arid and semi-arid West; and 

that plant communities resulting from disturbance have lower populations 

of mycorrhizae. This study suggests that this may not be true. Reeves 

et al. (1979) found few mycorrhizal species on the Disturbed Site he 

studied. The site had been a roadbed for a number of years, presumably 

with very compacted soil. The effects of compaction may be more critical 

to vesicular-arbuscular populations than the removal of indigenous plant 

cover. Reeves based his argument on the greater percentage of mycorrhi

zal species (4 out of 6 versus 6 out of 21) on the Undisturbed versus 

the Disturbed Site. However, he did not indicate per cent cover the 

infected species represented on either site. Using the same criteria of 

species number, the Abandoned Site in this study has twice as many 

mycorrhizal species as the Undisturbed Site. But on neither site do
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they represent a significant percentage of the plant cover. It does not 

appear that soil disturbance prevented the establishment of endomycorrhi- 

zal species in southern Arizona. Miller (1979), who also studied dis

turbed versus undisturbed plant communities, had as the dominant plant 

species on the disturbed site Halogeton glomeratus. This is a primary 

invader with many effective competition strategies. It tends to concen

trate sodium in the soil surface, preventing the germination of other 

plant species, and is favored on sites that are highly saline to begin 

with (Vallentine 1971). It might not be a typical invading species nor 

the best community to use in comparisons of this nature.

Perhaps vesicular-arbuscular mycorrhizal population levels 

should be viewed as site characteristics of the soil microflora; their 

presence may depend on a number of factors, and they may be found with 

varying degrees of frequency on both disturbed and undisturbed sites.



CONCLUSION

Fields having differing levels of disturbance may not have dif

ferent populations of endomycorrhizal fungi based on per cent infection 

and number of spores. On the three sites chosen, infection and spore 

numbers varied slightly by treatment (Table 1). Large differences could 

only be seen in comparing the Fallowed Site with the Undisturbed Site, 

and the differences may have been a result of different plant communities 

on the sites prior to sampling, rather than due to soil disturbance.

The corn bioassay may not be a very satisfactory tool. Corn may 

be inappropriate to desert climates, and it may be resistant to infection 

by indigenous fungi. The utility of height and weight measurements in a 

study of this nature seems questionable. Corn growth responded primarily 

to macronutrient levels and not infection levels.

Since the data indicated that the variability was large (Table 1), 

and populations were not normally distributed (Figure 1), it appears that 

the study of vesicular-arbuscular mycorrhizae requires an extensive 

stratified sampling scheme to simplify data analysis. The seasonal 

factors favoring mycorrhizal infection are not well-known, so sampling 

at regular intervals over a period of time may uncover seasonal variations 

in fungal populations.

The current techniques involved in determining per cent infection 

lack the precision and objectivity needed for accurate determination of 

infection. And while spore numbers are easy to determine and treat
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quantitatively, there is no proof that they are a good predictive indi 

cator of endomycorrhizal infection.



APPENDIX I

PHOTOGRAPHIC PLATES OF MICROORGANISMS
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Figure 4. Fallowed Site; an example of a vesicle in corn.

Figure 5. Abandoned Site; an example of a vesicle in corn.
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Figure 6. Undisturbed Site; an example of a vesicle in corn.
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Figure 7. Fungal structure in vascular tissue of Larrea tridentata3 
not vesicular-arbuscular.
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Figure 8. Possible oospore in corn. 

Note thin wall.

Figure 9. Possible conidia in corn from Undisturbed Site.

Asexual reproductive structure, not mycorrhizae.
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Figure 10. Unknown fungal structure in corn from Undisturbed Site. 

Possibly Rhizootonia.

Figure 11. Fungal structures found in all treatments; possible oospores, 
9um or less in diameter, no hyphal attachments.
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Figure 12. Vesicle from corn grown in unsolved soil from perennial 
grassland.

Figure 13. Spore in corn grown in unsolved soil from perennial grassland.



Figure 14. Vesicles found in Plantago ipurshii from the Undisturbed Site.

Figure 15. Hyphae found in Plantago purshii from the Undisturbed Site.
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Figure 16. Spiny spores on root surface of Spharaloea eoccinea from the 
Disturbed Site.

>
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